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ABSTRACT

A method and apparatus for determining a rotational orien-
tation of an object is provided. Embodiments of the present
invention utilize an electrically conductive fluid enclosed
within a shell attached to the object such that the conductive
fluid contacts different portions of electrically conductive
nodes, located on the inner wall of the shell, depending on
the rotational orientation of the shell. The electrically acti-
vated nodes in contact with the conductive fluid act as
sensors and individually transmit electric signals to a micro-
controller for transformation into an indicator of a rotational
orientation of the object. The indicator of the rotational

orientation is then output.

1 Claim, 6 Drawing Sheets
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ELECTRONIC ROLL PITCH AND YAW
SENSOR USING CONDUCTIVE FLUID

BACKGROUND OF THE INVENTION

The present invention relates generally to the field of
navigation systems, and more particularly to determining
three-dimensional rotational position in real time.

Navigation systems are generally any combination of
systems or devices that are capable of determining an
objects current location (relative to another fixed location)
and/or rotational position (relative to a reference, non-
rotating orientation). This information is highly useful for
objects such as, but not limited to aircraft and watercraft
(e.g., airplanes, helicopters, ships and submarines) to enable
the internal guidance systems to make the necessary adjust-
ments to stay on course to the target destination. Navigation
systems are also becoming ubiquitous in many modern
electronic and computing devices as well, such as cell
phones, tablets and even video game controllers. One very
common type of navigation device is a gyroscope, which
most generally is a device that will seek to maintain its
orientation at all times regardless of how the object that
contains it is moving or rotating. Having the constant
orientation of the gyroscope as a reference is a practical way
of determining the three-dimensional rotational position
(that is, X, y and z coordinates for roll, pitch and yaw,
respectively) of the object that contains it at any given point
in time.

SUMMARY

According to an embodiment, a method for determining a
rotational orientation of an object is provided, the method
comprising providing a plurality of spherical concentric
shells, wherein an electrically conductive shell, connected to
one or more power cells disposed within an inner electrically
non-conductive shell, is disposed between an outer electri-
cally non-conductive shell and the inner electrically non-
conductive shell and one or more electrically non-conduc-
tive spacers separate the inner electrically non-conductive
shell from the electrically conductive shell, creating a gap;
attaching a plurality of electrically conductive nodes to an
outer wall of the inner electrically non-conductive shell;
disposing an electrically conductive fluid in the gap, wherein
the electrically conductive fluid is mercury and is of suffi-
cient volume to ensure that the electrically conductive fluid
remains in contact with at least one of the plurality of
electrically conductive nodes regardless of a rotational ori-
entation of the plurality of spherical concentric shells;
providing, using the one or more power cells, an electrical
charge to the electrically conductive shell and a ground
connection to each of the plurality of electrically conductive
nodes, wherein the one or more power cells are connected to
the electrically conductive shell and each of the plurality of
electrically conductive nodes by electrically conductive
wire; conducting the electrical charge between the electri-
cally conductive shell and a portion of the plurality of
electrically conductive nodes in contact with the electrically
conductive fluid; transmitting electrical signals individually
conducted by each of the portion of the plurality of electri-
cally conductive nodes in contact with the electrically con-
ductive fluid, wherein the electrical signals are transmitted
through electrically conductive wire and processed by one or
more microcontrollers; generating, using the one or more
microcontrollers, an indicator of a rotational orientation of
an object, to which the plurality of spherical concentric
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shells are attached, based on the portion of the plurality of
electrically conductive nodes in contact with the electrically
conductive fluid; outputting the indicator of the rotational
orientation of the object based on at least one of wired and
wireless communications; and responsive to a change in the
rotational orientation of the object, outputting an associated
indicator of the change in the rotational orientation of the
object, wherein the associated indicator is based on the
change in the rotational orientation of the object causing the
electrically conductive fluid to contact a different portion of
the plurality of electrically conductive nodes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A-C is an exterior perspective view of a spherical
apparatus, a partially exploded perspective view of a seg-
ment of a sphere, and a partially exploded side elevation
view of a segment of a sphere, respectively, in accordance
with an embodiment of the present invention;

FIG. 2A-B is a cross-sectional view of the interior of a
spherical apparatus in a non-rotated, reference orientation
and a cross-sectional view of the interior of a spherical
apparatus in a rotated non-reference orientation, respec-
tively, in accordance with an embodiment of the present
invention;

FIG. 3A-B is an interior cross-sectional view of a spheri-
cal apparatus with two separate conductive rods and an
interior cross-sectional view of a spherical apparatus with 5
separate conductive rods, respectively, in accordance with
an embodiment of the present invention;

FIG. 4A-D is an exterior perspective view of a spherical
apparatus, an interior cross-sectional view of a spherical
apparatus, a partially exploded perspective view of a seg-
ment of a spherical apparatus and a partially exploded side
elevation view of the spherical apparatus, in accordance with
an embodiment of the present invention;

FIG. 5 depicts an exterior perspective view of the spheri-
cal apparatus wired to a voltage source and a microcon-
troller, in accordance with an implementation of an embodi-
ment of the present invention; and

FIG. 6 illustrates an interior cross-sectional view of an
alternate implementation of the spherical apparatus, having
rechargeable power sources and a microcontroller contained
within, the rechargeable power sources being wired to an
external recharging source, in accordance with an embodi-
ment of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention disclosed herein
recognize that there is a need for effective and accurate
navigation systems that, in order to perform their intended
function, do not rely on delicate components that must
constantly be in motion, making these components subject
to inevitable mechanical degradation and breakdown. The
failure of these mechanical components can lead to faulty,
inaccurate readings or total inoperability of the navigation
system. Embodiments of the present invention can be uti-
lized to avoid this problem in that there is no need for
delicate mechanical parts that must constantly be in motion
for the apparatus to serve its intended function.

Embodiments of the present invention will now be
described in detail with reference to the accompanying
figures. It is to be understood that the disclosed embodi-
ments are merely illustrative of potential embodiments of
the present invention and may take various forms. In addi-
tion, each of the examples given in connection with the
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various embodiments is intended to be illustrative, and not
restrictive. Further, the figures are not necessarily to scale,
and elements and features can have different dimensions
than those depicted in the figures. Therefore, specific struc-
tural and functional details disclosed herein are not to be
interpreted as limiting, but merely as a representative basis
for teaching one skilled in the art to variously employ the
present invention.

References in the specification to “an exemplary embodi-
ment,” and “other embodiments,” etc., indicate that the
embodiment described may include a particular feature,
structure or characteristic, but every embodiment may not
necessarily include the particular feature, structure or char-
acteristic. Further, when a particular feature, structure, or
characteristic is described in connection with an embodi-
ment, it is submitted that it is within the knowledge of one
skilled in the art to affect such feature, structure or charac-
teristic in connection with other embodiments whether or
not specifically described.

FIG. 1A is a perspective diagram of a spherical apparatus
100 in accordance with an embodiment of the present
invention. A three-dimensional hollow sphere made of an
electrically non-conductive material 102 has an electrically
conductive, positively charged (indicated by the + signs)
cylindrical rod 104 affixed to it, the conductive rod 104
passing through the interior of non-conductive sphere 102
diametrically and protruding from both ends of the sphere.
In other embodiments, conductive rod 104 can be shapes
other than cylindrical, such as rectangular for example and
can be negatively charged, so long as it is conducting an
electrical charge. Further, the ends of conductive rod 104
need not protrude outside non-conductive sphere 102. In
general, a plurality of electrically conductive nodes 106 are
embedded in or attached to the inner wall of non-conductive
sphere 102 and are substantially equally distributed spatially
around the inner wall. Additionally, the shape of the appa-
ratus need not be spherical but can be other shapes, in
accordance with various embodiments of the present inven-
tion.

Looking to FIG. 1B, a partially exploded perspective view
120 of a segment of non-conductive sphere 102 with a
conductive node 106 embedded in the center is depicted for
close-up detail. Further, FIG. 1C depicts a partially exploded
side view 140 of a segment of non-conductive sphere 102
such that the thickness of both non-conductive sphere 102
and conductive node 106 are now visible, in accordance with
an embodiment of the present invention. It should be noted
in the embodiments described herein that the electrical
conductivity associated with each conductive node extends
through the wall of the sphere.

FIG. 2A depicts an interior, cross-sectional view of a
spherical apparatus 200 in accordance with an embodiment
of the present invention. Enclosed within non-conductive
sphere 102 is a conductive fluid 202, such as mercury for
example, present in such a volume as to ensure that it is
always in contact with conductive rod 104 regardless of the
spatial orientation of non-conductive sphere 102, so that
conductive fluid 202 is conducting an electric charge (indi-
cated by the + signs in conductive fluid 202). It should be
noted in the embodiments that conductive fluid 202 can be
any electrically conductive fluid with such a viscosity and
cohesiveness to minimize splashing and to prevent it from
beading up in multiple areas of the interior of non-conduc-
tive sphere 102 or sheeting on the inner sphere wall, causing
an inaccurate reading. Further, it is to be understood that in
accordance with other embodiments of the invention, con-
ductive rod 104 is not required to span the entire diameter of
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non-conductive sphere 102, but can be shortened so that it
is only affixed to non-conductive sphere 102 at one end, so
long as conductive rod 104 is always in contact with the
chosen volume of conductive fluid 202 enclosed in non-
conductive sphere 102. In other embodiments, conductive
rod 104 can be aligned so that it does not pass through the
geometric center of the non-conductive sphere 102 along a
diameter, again as long as constant contact of conductive rod
104 with the chosen volume of conductive fluid 202 is
ensured.

In accordance with an embodiment of the present inven-
tion, the cross-sectional view of spherical apparatus 200
depicts eight individually numbered, embedded electrically
conductive nodes 204, 206, 208, 210, 212, 214, 216, 218 that
are visible in the wall of non-conductive sphere 102. In
general, any plurality of electrically conductive nodes can be
present on non-conductive sphere 102 wherein a greater
number of nodes provides a greater resolution of rotational
movement of non-conductive sphere 102, in accordance
with various embodiments of the invention. As non-conduc-
tive sphere 102 is pitched, rolled and/or yawed, the con-
tained conductive fluid 202 will seek to level out under the
influence of gravitational forces and maintain its position
with respect to the gravitational direction. This ensures that
the charged, conductive fluid 202 will remain in contact with
different conductive nodes depending on non-conductive
sphere’s 102 rotational position. As discussed later in this
specification, implementations of embodiments of the pres-
ent invention utilize the portion of the conductive nodes
conducting a charge (due to their contact with the charged,
conductive fluid) in order for a rotational position (roll, pitch
and yaw coordinates) to be determined at any given point in
time. It is therefore understood that the interior of non-
conductive sphere 102 must not be completely filled with
conductive fluid 202, otherwise conductive fluid 202 would
contact every conductive node simultaneously thus prohib-
iting the determination of changing rotational positions. It
should be further noted that a rotation of non-conductive
sphere 102 exclusively about the yaw axis (that is, the
rotational axis parallel to the force of gravity) will not be
detected by the present invention due to the fact that the
same portion of the plurality of nodes will remain activated
throughout the duration of such a rotation. This is not the
case for a rotation exclusively about the roll axis or the pitch
axis, both of which can be detected by embodiments of the
present invention. It is only when a yaw rotation is combined
with a roll and/or a pitch rotation that the apparatus will be
able to detect a change in the yaw rotational position.

In FIG. 2B, the cross-sectional view of spherical appara-
tus 250 depicts a counterclockwise rotation with respect to
spherical apparatus 200. Spherical apparatuses 200 and 250
are the same object in different orientations in accordance
with an embodiment of the present invention, wherein the
only difference between the two is the aforementioned
rotation. The rotational state of spherical apparatus 200 is
noted as the “reference orientation” wherein conductive
fluid 202 is in contact with a portion of the nodes 204, 206,
216 and 218. Now turning to spherical apparatus 250, it is
shown that conductive fluid 202 is in contact with a different
portion of the nodes 204, 206, 208 and 218. This difference
in rotational position allows the conductive fluid 202 to be
in electrical contact with (and thereby activating) different
combinations of nodes on the inner wall of non-conductive
sphere 102 and the associated determination of a different
orientation with respect to spherical apparatus 200.

Turning now to FIG. 3A and FIG. 3B, diagrams 300 and
350 depict cross-sectional views of multi-rod configurations
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of embodiments of the spherical apparatus. In diagram 300,
two positively charged electrically conductive rods 302, 304
charge the present volume of conductive fluid 202 enclosed
within non-conductive sphere 102, in accordance with an
embodiment of the present invention. Diagram 350 depicts
another embodiment of the invention, one that has five
positively charged conductive rods labeled 352, 354, 356,
358 and 360. In general, any number of charged, electrically
conductive rods can be utilized in the spherical apparatus so
long as conductive fluid 202 is always in contact with at least
one of the rods, in accordance with various embodiments of
the present invention. It should further be noted in the
embodiment that a greater number of charged rods allows
for the use of a smaller amount of conductive fluid 202 based
on the smaller distance between charged rods.

FIG. 4A illustrates a perspective view of another embodi-
ment of the present invention. Spherical apparatus 400
presents an exterior perspective view of a three-dimensional,
hollow, electrically conductive sphere 402 that is carrying a
positive charge (represented by the + signs on the sphere). It
is to be understood that in accordance with other embodi-
ments of the invention, the charge on the sphere can be
negative. A plurality of conductive nodes 106 are embedded
in or attached to the inner wall of conductive sphere 402,
however, the conductive nodes 106 are surrounded by a ring
of electrically insulating material 404, i.e., the nodes are not
making electrical contact with conductive sphere 402.

FIG. 4B is a depiction of an interior cross-sectional view
of spherical apparatus 420 such that the wall of the hollow,
conductive sphere 402, the conductive nodes 106 and the
insulators 404 are visible, in accordance with an embodi-
ment of the present invention. Spherical apparatus 420
shows a volume of conductive fluid 202 enclosed within the
conductive sphere 402. Conductive fluid 202 is here
depicted as carrying a positive charge (indicated by the +
sign) based on contact with conductive sphere 402. As
previously described, different combinations of the plurality
of conductive nodes 106 will either be activated or not
activated (conducting a charge or not) depending on whether
or not they are in contact with conductive fluid 202. The
position of conductive fluid 202 and thus contact with
various nodes depends on the rotational orientation of the
spherical apparatus.

In FIG. 4C, diagram 440 illustrates a partially exploded
perspective view of a segment of conductive sphere 402 for
close up detail. Conductive sphere 402 carries a positive
charge in accordance with an embodiment of the present
invention, and conductive node 106 is surrounded by insu-
lator 404 embedded into conductive sphere 402. Diagram
460 in FIG. 4D depicts a partially exploded side view of a
segment of conductive sphere 402 with a conductive node
106 surrounded by an insulator 404 embedded in the sphere.

Diagram 500 in FIG. 5 is a perspective view of an
implementation of an embodiment of the present invention.
Diagram 500 illustrates non-conductive sphere 102 embed-
ded with a plurality of conductive nodes 106 and a conduc-
tive rod 104 affixed to the sphere, passing through the sphere
diametrically in accordance with an embodiment of the
invention. Conductive rod 104 is connected by an electri-
cally conductive wire 502 to a power source 506 that is
passing an electrical charge to conductive rod 104. The
conductive nodes 106 are connected by conductive wires
502 to a microcontroller 504 that can independently detect
which nodes are electrically activated and then transform the
detected electrically activated nodes to a rotational orienta-
tion for the apparatus relative to a predetermined reference
orientation. The volume of conductive fluid enclosed within
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the sphere is depicted with a dashed line inside the sphere
and it is this charged conductive fluid that is activating the
various combinations of the plurality of conductive nodes
106 as previously described, in accordance with an embodi-
ment of the present invention. Additionally, microcontroller
504 is connected by conductive wire 502 to an electrical
ground 508 in the exemplary embodiment.

Diagram 600 in FIG. 6 is an interior, cross-sectional view
of an implementation of an embodiment of the present
invention, utilized for the purpose of determining a rota-
tional position in real time. The device illustrated in diagram
600 operates similarly to the implementation described in
FIG. 5 except that there are one or more power sources and
microcontrollers within an innermost spherical shell of a
plurality of concentric spherical shells. It should be noted
that the term “spherical shell” can be used interchangeably
with the term “hollow sphere.” In diagram 600, a hollow,
electrically conductive sphere 604 is attached to the interior
surface of a hollow, outer non-conductive sphere 602. It
should be noted that outer non-conductive sphere 602 can be
a non-conductive coating applied to the outer wall of con-
ductive sphere 604, in accordance with various embodi-
ments of the present invention. Within conductive sphere
604 there is a hollow, inner electrically non-conductive
sphere 606 of a lesser radius than conductive sphere 604,
held in place such that there is a uniform width gap between
conductive sphere 604 and inner non-conductive sphere 606.
This gap is maintained by one or more electrically non-
conductive hollow spacers 612 spanning the gap between
conductive sphere 604 and inner non-conductive sphere 606.
It should be noted that the electrically non-conductive
spacers 612 can be an extension of either inner non-con-
ductive sphere 606 and/or outer non-conductive sphere 602.
It should be further noted that the spacers 612 can be
openings for recharge ports (which will be discussed later in
this specification) and conductive wire 502 in accordance
with various embodiments of the present invention.

A conductive fluid 202 is enclosed within the gap between
the conductive sphere 604 and the inner non-conductive
sphere 606, free to move in response to gravitational forces
due to the rotation of the apparatus. This conductive fluid
202 enclosed within the gap will flow around the aforemen-
tioned spacers 612 such that it cannot enter the interior of
inner non-conductive sphere 606 or exit outside of the outer
non-conductive sphere 602. Embedded in or attached to the
inner wall of inner non-conductive sphere 606 will be a
plurality of conductive nodes 106 that will act as sensors
when in contact with conductive fluid 202, as previously
described herein. Therefore, the chosen volume of conduc-
tive fluid 202 in the gap must be of sufficient volume to
always be in contact with at least one of the conductive
nodes 106 embedded in or attached to non-conductive
sphere 606.

Within the interior of non-conductive sphere 606 there are
one or more rechargeable power cells 610 and one or more
microcontrollers 608 having wired and/or wireless commu-
nication capabilities, such as, but not limited to, Bluetooth.
The communication capabilities of the one or more micro-
controllers 608 provide for communicating with a central
host or with other similar devices, in accordance with
various embodiments of the present invention. Each of the
plurality of conductive nodes 106 found in or on inner
non-conductive sphere 606 can be connected to a terminal of
at least one of the one or more rechargeable power cells 610
by an electrically conductive wire 502 (represented as a
solid line within inner non-conductive sphere 606) as a
ground connection. The one or more rechargeable power
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cells 610 will in turn be connected on the other terminal (that
is not directly wired to the conductive nodes 106) to the
conductive sphere 604 by conductive wire 502 (again rep-
resented by a solid black line within inner non-conductive
sphere 606) via the spacer 612 openings in the gap between
the inner non-conductive sphere 606 and the conductive
sphere 604 as previously described. Both terminals of the
one or more rechargeable power cells 610 can be connected
to at least one of the one or more recharge ports that can be
located in the spacer 612 openings. Each of the one or more
recharge ports can be connected by conductive wire 502 to
an external recharging peripheral 614 located outside of the
outer non-conductive sphere 602, in accordance with an
embodiment of the present invention. In this way, the one or
more rechargeable power cells 610 located within the inner
non-conductive sphere 606 can operate continuously,
recharging as required.

Each of the plurality of conductive nodes 106 in diagram
600 are connected by conductive wire 502 (represented as a
dashed line) to at least one of the one or more microcon-
trollers 608 located in the interior of inner non-conductive
sphere 606, in the exemplary embodiment. In general, there
may be a plurality of microcontrollers 608 in any particular
embodiment of the invention and the plurality of microcon-
trollers 608 can have wireless capabilities for the purpose of
communicating information relating to the rotational orien-
tation of the device. The one or more microcontrollers 608
have both input and output capabilities as well as processing
and logic functionality so that they can receive electrical
signals from the plurality of conductive nodes 106, make a
determination about what combination of nodes are electri-
cally active, transform the portion conductive nodes 106 that
are electrically active into a rotational state and output an
indicator of the rotational state to a central host or to one or
more other similar devices. It should be noted in the embodi-
ment that the indicator of the rotational state can be com-
municated by either a wired or a wireless communication.

The descriptions of the various embodiments of the
present invention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments disclosed. Many modifications and
variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the
invention. The terminology used herein was chosen to best
explain the principles of the embodiment, the practical
application or technical improvement over technologies
found in the marketplace, or to enable others of ordinary
skill in the art to understand the embodiments disclosed
herein.

What is claimed is:
1. A method for determining a rotational orientation of an
object, the method comprising:
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providing a plurality of spherical concentric shells,
wherein an electrically conductive shell, connected to
one or more power cells disposed within an inner
electrically non-conductive shell, is disposed between
an outer electrically non-conductive shell and the inner
electrically non-conductive shell and one or more elec-
trically non-conductive spacers separate the inner elec-
trically non-conductive shell from the electrically con-
ductive shell, creating a gap;

attaching a plurality of electrically conductive nodes to an
outer wall of the inner electrically non-conductive
shell;

disposing an electrically conductive fluid in the gap,
wherein the electrically conductive fluid is mercury and
is of sufficient volume to ensure that the electrically
conductive fluid remains in contact with at least one of
the plurality of electrically conductive nodes regardless
of a rotational orientation of the plurality of spherical
concentric shells;

providing, using the one or more power cells, an electrical
charge to the electrically conductive shell and a ground
connection to each of the plurality of electrically con-
ductive nodes, wherein the one or more power cells are
connected to the electrically conductive shell and each
of the plurality of electrically conductive nodes by
electrically conductive wire;

conducting the electrical charge between the electrically
conductive shell and a portion of the plurality of
electrically conductive nodes in contact with the elec-
trically conductive fluid;

transmitting electrical signals individually conducted by
each of the portion of the plurality of electrically
conductive nodes in contact with the electrically con-
ductive fluid, wherein the electrical signals are trans-
mitted through electrically conductive wire and pro-
cessed by one or more microcontrollers;

generating, using the one or more microcontrollers, an
indicator of a rotational orientation of an object, to
which the plurality of spherical concentric shells are
attached, based on the portion of the plurality of
electrically conductive nodes in contact with the elec-
trically conductive fluid;

outputting the indicator of the rotational orientation of the
object based on at least one of wired and wireless
communications; and

responsive to a change in the rotational orientation of the
object, outputting an associated indicator of the change
in the rotational orientation of the object, wherein the
associated indicator is based on the change in the
rotational orientation of the object causing the electri-
cally conductive fluid to contact a different portion of
the plurality of electrically conductive nodes.
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